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There are many kinds of mental disease, and nmany chemical aspects of
mental disease. The hwazn body, including the brain, which is the organ of
thinking and memory, is composed of molecules. Vactors of disease are
molecules or are composed of molecules. The genes seem to be molecules of
deoxyribonucleic acid. The Impact of the enviromment on a human being

'\.u&'
SpINQM T fig
is by way oﬁAmolecules of chenical substances swradient—emsrsys Chemicals,
called drugs, are used Tor the treatment and control of mental disease.

I shall not discuss the entire subject, chemistry and mental disease,
for several reasons. First, I do not have time to do justice to the whole
subject. Second, I do not know enough about the nature of the intermolecular
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interactions betwveen the,?any valuable drugs, such as chlorpromazine, now
being used in the treatment and control of mental disease to present a sound

and reasonable discussion of the mechanism of their action; I'm not sure that

anybody knowgenough. I shall accordingly not devote any time to this subject.
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Some of the many types of mental disorder result from birth injury or

envirommental causes of a macroscopic character, which cannot be described as
T \ %@‘\
chemical. L M\'& W .

Temporary or permanent Exmir impairment of brain function may also result
from ingestion of substances not normally present or normally present only in
small amounts in the body. Among such substances are ethanol, compounds of
heavy metals "mad. as a hatter"), and organic substances found
in plants, such as LSD {lysergic acid diethylamide) and mescaline.

Chromosomal abnormalities, such as those resulting from nondisjunction,
are a common cause of mental deficiency, and may possibly be involved in some
cases of mental illness. Examples are Mongolism (extra chromosome number‘Zi,
or other chromosomal abnormslity), Turner's disease (XO), Klinefelter's
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disense (XXY, X¥XY, XXXXY)./\The incidence of Mongolism is about one in 600
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births, that of Turner's disease about one in 900, and that of Klinefelters
disease about one in L0O. % !'

The abnormalities with little doubt result from the manufacture of enzymes
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in abnormal amount. It is usually considered that two genes of the same type
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manufacture twice as many molecules of the corresponding enzyme as one gene.

There may be exceptions, however. There is some evidence that the enzymes

manufactures by the genes of the X chromosome are not present in twice the
— —
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amount In women as in men, and some evidence that one X chromosome in the cell

remains extended, with its genes presumably active, whereas the other one

(or more than one) rolls up, in such a way as to cut down on the gene activity.

This rolled-up chromosome is presumably responsible for the Barr test.

Probably the major cause of both mental deficiency and mental illness
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gene mutation. It is usually estimated that =bout half of}!kongenital
defects in infants are of genetic origin.

An ebnormal gene may fail to manufacture the molecules of enzyme for
which the allelomorphic normal gene is responsible, or may manufacture abnor-
mal molecules that are deficient in enzyme activity.
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The most thoroughly investigated sase of this sort is phenylketonuria.
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The enzyme involved, located in the liver, catalyzes the oxidation of
phenylalanine to tyrosine.

Phenylketonuria was discovered by Fdlling in Horway in 193k, t 1s trans-
mitted by an autosomal recessive gene. The incidence in Furope and United
States 1s one in &0 for carriers. About one percent of institutionalized
defectives are phenylketonurics. Their mental defect is severe, with 80 per-

cent of the patients having IQ less than 40. Neurological disturbances include

an abnormal encephalogram, often with epileptiform seizures, hyper[activity,
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poor attention span, and normal behavior.
There are few mental diseases that are as well understood as phenyl-
ketonuria. The cause of most mental disorders is unknown, and many are not

well-defined, even from the cliniecal standpoint. It is probable that the

mental deterioration that occurs in later 1ife in patients with Huntingdon's
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Chorez is the result of a change in brain chemistry, the nature of which is
—
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1ot knmowm at present. The deposition of copper inﬁpatients with Wilson's
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disease is without doubt respoasible for the mental as well asfghysical mani-
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Testations of the disease. A change in brain chemistry may well be responsible

also Tor schizophrenia and other forms of mental illness.

Despite the present lack of knowledge, the possibility that many mental
disease may have a molecular cause provides a powerful stimulus Tor research.
Recognition of a bilochemical abnormality in = disease leads to a study
moleculax
ol the/mechanism,mﬁxxhx a search for methods of trectment, and the hope that
a cure will eventuzlly be discovered.
In the California Institute of Technology work on the molecular basis
of mental disease has been carried on for five years, at first with Dr. Richard
Lippman as the principal investigator, and more recently by Dr. Kenneth N. F.
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Shaw, Dr. Zem Perry, and their collaborators. Associated with Lthis worlk has

been a study of mental deficiency in Hawaiil, carried out largely by Dr. Elvira



Goettsch. This work has now been trenslerred to the University of Hawaii,

with the President, Laurence Sayder, as the responsible investigator.

The work in the Califorals Institute of Technology has been quite varied

in nature. As an example of what has been and is being done, I may mention

briefly the studies by Dr. Shaw and his collaborators on Hartnup disease.

This disease was first described by Dent and his covorkers in England in

1956, TFour our of eight children in the original Hartuup
o Fifteen cases in nine families have now been found, in England,
Holland, and Germany. The parents in three families are blood relations.
The manilestations of the disease include a red scaly skin rash, sensi-
Livity of the skin to sunlight, intermittent cerebellar staxia that involves
& lurching walk, jerky arm movement, and #pptension tremor. The mental state
ranges from normal to retarded and may include mil#l emotionz2l instability,
psychosis, delirium, dlusions, and hallucinations. These features are
variable and episodic, and can be precipitated by infection or psychological

stress.

A constant biochemical Tinding is 2 large excretion of certain amino
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Dr. Shaw obtained several Hartnup urine specimens from Dent's laboratory
o

in
two years ago. Many amino aclds are excreted -~ amounts ten times greater
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than normal, but others are not affected. The amino aciduria is caused by
defective reabsorption in the renal tubule.

Professor Dent had reported an zbnormal metabolism of indole compounds,

but Dr. Shaw found no such abnormality.

He was then successful in resolving this contradict

Fde

on, by collaborative
work with Professor Dent, in which a boy in the Hartnup family and = normal
individual were given two grams of L-tryptophen by mouth, at first without and
then with the antibiotic neomycin, also given by mouth, to prevent the growth
of intestinal microorganisms,

Slide 1. Chromatogram of amino acidg in normal urine.
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Slide 2. Chromatogram of amino acids in Hartnup urine (only half as
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much urine used). Note the great amounts of some amino acids.
Slide 3. (13). Urinary indoleg after ingestion of tryptophan, both

normal and Hartnup. The Hartnup urine contains much larger amounts of
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several indoles than the normal urine.

Slide L. (16). The same, except that the antibiotic neomycin was given.
Both subjects were also placed on a diet containing no plant materisls in
order to exclude exogenous indoles, It'is seen that the excretion of indole

compounds by the Hartnup patient was essentially normal.
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Apparently the Hartnup abnormality involves an impaired permeability of

the intestinal wall as well as of the renal tubule. This means that tryptophan

and other amino acids from food remain longer in the intestine for metabolism

by bacteria, converting them into indole compounds.

The impaired permeability of tissues in Hartnup disease may cause many

chemical abnormalities--variable deficiency of tryptophan, partial deficiency 525
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nicotinamide p# other essential agents, possible toxic effects of metabolites

produced by intestinal bacteria.

The treatment of Hartuup disease is simple--administration of a high

protein diet and also nicotinamide. Possibly suppression of the grovth of
intestinal microorganisms by the use of neomycin would result in improvement.
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The molecular diseases that lead to mental deficiency or mental illness
have not been investigated thoroughlx//with respect to the nature of the molecu-
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lar abnormality. The most thorough studjes that have been carried out of

molecular diseases are those of the hemoglobinemias, including sickle-cell
——— —

anemia, and I shall present now a discussion of the present state of knowledge

about these molecular diseases.
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One of the striking featulres of the sickle-cell gene is its high inci- /éii) Qi)()

dence in certain populations.' In some malarial regions in Africa as many as

cl %§&\ fifty percent of the people are sickle-cell heterozygotes, ) ° & / }

/////4 The nature of the abnormality that causes its bigh incidence is now known,
I

t is protection against malaria. /mH—Eﬁ%\\\

It is seen that there is a close relation between molecular dise§§§ and

evolution. E\}OL UTQ DA)

Life is a relationship among molecules, not a property of any one molecule,

So is therefore disease, which endangers life, (_LO/V\QJ)L' {QA@
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